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PREFACE 

S o i l  Conserva t ion  S e r v i c e  i s  involved i n  a q u a c u l t u r e  by p r o v i d i n g  t e c h n i c a l  
a s s i s t a n c e  i n  r e s o u r c e  assessment ,  p l a n n i n g ,  d e s i g n ,  and i n s t a l l a t i o n  o f  ponds,  
raceways, and o t h e r  f a c i l i t i e s  f o r  e f f i c i e n t  u s e  o f  s o i l  and wate r  r e s o u r c e s .  
Th i s  can i n c l u d e  recommendations f o r  t h e  c a p a c i t y  o f  pumping p l a n t s  t o  match 
t h e  p r o d u c t i o n  u n i t .  

Pumping p l a n t s  a r e  used e x t e n s i v e l y  i n  a q u a c u l t u r e  t o  f i l l  ponds i n i t i a l l y  
b e f o r e  s t o c k i n g ,  t o  r e f i l l  ponds q u i c k l y  a f t e r  d r a i n i n g  f o r  h a r v e s t ,  t o  pro-  
v i d e  w a t e r  exchange t o  improve q u a l i t y ,  and t o  o f f s e t  w a t e r  l o s s e s  due t o  
seepage and e v a p o r a t i o n .  A l a r g e  s h a r e  o f  t h e  w a t e r  pumped i n t o  a q u a c u l t u r e  
ponds comes from deep w e l l s  t h a t  t a p  groundwater.  I n  a l l  a r e a s ,  t h e r e  i s  some 
compet i t ion  f o r  groundwater wi thdrawals .  There  i s  much concern o v e r  t h e  
i n c r e a s e d  use  o f  w a t e r  from l a k e s ,  s t r e a m s ,  r i v e r s ,  and o t h e r  s u r f a c e  s o u r c e s ,  
p a r t i c u l a r l y  where downstream needs o r  p r i o r  use  commitments a r e  t h r e a t e n e d .  
I n  a l l  i n s t a n c e s ,  t h e  c o s t  o f  p r o v i d i n g  wate r  f o r  any u s e  has  advanced c o n s i -  
d e r a b l y  due t o  t h e  h i g h e r  i n i t i a l  c o s t  o f  l a r g e r  equipment t o  pump from g r e a t e r  
dep ths  and t h e  s h a r p  r i s e  i n  energy c o s t  w i t h i n  t h e  l a s t  decade.  

The purpose  of t h i s  Engineer ing  Note i s  t o  p rov ide  guidance and i n f o r m a t i o n  
t o  SCS f i e l d  s t a f f s  i n  t h e  s e l e c t i o n  and s i z i n g  o f  pumping equipment f o r  aqua- 
c u l t u r e .  I t  i s  p r i m a r i l y  addressed  t o  t h o s e  ponds t h a t  a r e  comple te ly  enc losed  
by a  dam whereby runof f  from o u t s i d e  a r e a s  a r e  exc luded .  T h i s  t h e n  l e a v e s  on ly  
t h e  d i r e c t  p r e c i p i t a t i o n  o v e r  t h e  pond e i t h e r  i n  t h e  form o f  r a i n  o r  snow t h a t  
needs t o  be c o n s i d e r e d .  Reference i s  made t o  t h e  SCS Engineer ing  F i e l d  Manual, 
Chapter  2 ,  E s t i m a t i n g  Runoff,  t o  o b t a i n  v a l u e s  f o r  p r e c i p i t a t i o n  and t o  compute 
runof f  volumes where watershed d r a i n a g e  is c o n t r i b u t i n g .  Chapter  3 ,  H y d r a u l i c s ,  
covers  t h e  p r i n c i p a l  t y p e s  o f  s t r u c t u r e s  and conveyance t e c h n i q u e s  a s  w e l l  a s  
a p p r o p r i a t e  t a b l e s  and e x h i b i t s  t o  compute t h e  flowage.  T h i s  Engineer ing  Note 
covers  on ly  t h e  pumping p l a n t  and r e l a t e d  equipment and does n o t  a d d r e s s  o t h e r  
t y p e s  of w a t e r  d e l i v e r y  methods. 
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AQUACULTURE WATER USE 

General  

Commercial a q u a c u l t u r e ,  l i k e  o t h e r  i n t e n s i v e  a g r i c u l t u r a l  e n t e r p r i s e s ,  r e q u i r e s  
l a r g e  q u a n t i t i e s  o f  w a t e r .  During t h e  decade of t h e  1 9 7 0 ' s ,  t h e  growth of 
commercial a q u a c u l t u r e  i n  t h e  Uni ted S t a t e s  was phenomenal. T h i s  has  been 
p a r t i c u l a r l y  s o  i n  t h e  warm-water a q u a c u l t u r e  a r e a  c e n t e r e d  i n  t h e  S o u t h c e n t r a l  
United S t a t e s .  C a t f i s h  p r o c e s s o r s  handled 27,443 m e t r i c  t o n s  (60 .5  m i l l i o n  
pounds) i n  1981, compared w i t h  1,452 m e t r i c  t o n s  (3.2 m i l l i o n  pounds) i n  1969 
t o  i l l u s t r a t e  t h e  i n d u s t r y ' s  growth.  The r a p i d  growth o f  commercial aquacul-  
t u r e  has  caused a  l a r g e  i n c r e a s e  i n  pumping p l a n t s  t o  f i l l  ponds,  p rov ide  
a e r a t i o n  by pumping and t o  o f f s e t  seepage and e v a p o r a t i o n  l o s s e s .  

Water Q u a l i t y  

Water q u a l i t y  i s  t h e  most impor tan t  f a c t o r  i n  t h e  c u l t u r e  of f i s h ,  e i t h e r  co ld  
w a t e r  o r  warm w a t e r .  Low d i s s o l v e d  oxygen i s  t h e  most c r i t i c a l  problem. The 
atmosphere i s  a  v a s t  r e s e r v o i r  o f  oxygen, b u t  a tmospher ic  oxygen i s  on ly  s l i g h t l y  
s o l u b l e  i n  w a t e r .  P h o t o s y n t h e s i s  by phytoplankton w i t h i n  t h e  pond i s  t h e  p r i -  
mary s o u r c e  o f  d i s s o l v e d  oxygen i n  a  f i s h  c u l t u r e  sys tem.  The pr imary l o s s e s  
of d i s s o l v e d  oxygen from a  pond i n c l u d e  r e s p i r a t i o n  by t h e  p l a n k t o n ,  f i s h e s ,  
and b e n t h i c  organisms and d i f f u s i o n  of oxygen i n t o  t h e  a i r .  S i n c e  photosyn- 
t h e s i s  o c c u r s  o n l y  i n  t h e  p r e s e n c e  o f  l i g h t ,  s e v e r e  oxygen d e p l e t i o n  occurs  
i n  t h e  lower d e p t h s  o f  ponds and even n e a r  t h e  s u r f a c e  i f  an  extended p e r i o d  
of c loudy  weather  o c c u r s .  A sudden d i e - o f f  of a l g a e  t h a t  a s s o c i a t e  w i t h  heavy 
p l a n k t o n  blooms w i l l  cause  a  d e p l e t i o n  o f  d i s s o l v e d  oxygen. When d i s s o l v e d  
oxygen i s  low, c o n c e n t r a t i o n s  of carbon d i o x i d e  a r e  u s u a l l y  q u i t e  h i g h .  T h i s  
o c c u r s  because  o f  t h e  e x c e s s  r e s p i r a t i o n  r a t e  of t h e  f i s h ,  p l a n k t o n ,  and b e n t h i c  
organisms.  

Water q u a l i t y  may a f f e c t  s e l e c t i o n  of s c r e e n  m a t e r i a l ,  s c r e e n  d e s i g n ,  and c a s i n g  
m a t e r i a l  used i n  w e l l  i n s t a l l a t i o n s .  Carbonates i n  t h e  w a t e r  t end  t o  d e p o s i t  
i n  s c r e e n  openings .  Water may a l s o  have c o r r o s i v e  t e n d e n c i e s  and t h e  s c r e e n  
and c a s i n g  m a t e r i a l  needs t o  be s e l e c t e d  t o  p r e v e n t  t h i s .  

F i s h  Tole rance  

0 
Warm w a t e r  f i s h  grow b e s t  a t  t empera tu res  between 25 and 3 2 ' ~  (77' and 9 0 ' ~ ) .  
The op t imal  o r  p r e f e r r e d  w a t e r  t empera tu re  range f o r  c o o l  w a t e r  s e c i e s d  p a r t i -  

0 
c u l a r l y  t h e  Salmon genus t h a t  i n c l u d e  rainbow t r o u t ,  i s  10 t o  18 C (50 t o  6 4 ' ~ ) .  
Temperature f l u x u a t i o n s  have a  pronounced e f f e c t  on chemical  and b i o l o g i c a l  
p r o c e s s e s  o c c u r r i n g  i n  f i s h  c u l t u r e .  F i s h  have poor  t o l e r a n c e s  t o  suddeg changes 
i n  t empera tu re .  Of ten ,  a  sudden change i n  t empera tu re  o f  a s  l i t t l e  a s  5 C w i l l  
s t r e s s  o r  even k i l l  f i s h .  

Other  f a c t o r s  a f f e c t i n g  t h e  c u l t u r e  o f  f i s h  i n c l u d e  t h e  p resence  o f  ammonia, 
hydrogen s u l f i d e ,  t o t a l  a l k a l i n i t y  and t o t a l  h a r d n e s s ,  pH, a q u a t i c  weeds, and 
p o l l u t a n t s .  These a r e  g e n e r a l l y  n o t  a s  s e v e r e  problems; n e v e r t h e l e s s ,  t h e y  
can a d v e r s e l y  a f f e c t  f i s h  p roduc t ion .  

A e r a t i o n  and w a t e r  exchange by pumping a r e  two ways t o  h e l p  r i d  t h e  w a t e r  of 
harmful g a s e s  and i n c r e a s e  oxygen l e v e l s .  Well w a t e r ,  however, i s  o f t e n  low 
i n  oxygen and must be  s p l a s h e d  a g a i n s t  a  ha rd  s u r f a c e  o r  sprayed i n t o  t h e  a i r  
b e f o r e  i t  e n t e r s  t h e  pond. Water from s t reams  o r  pocds can be a  s o u r c e  of wi ld  
f i s h  and d i s e a s e  and p a r a s i t e  con tamina t ion .  



WATER VOLUMES 

Water T r a n s f e r  

One of t h e  i n i t i a l  s t e p s  i n  p lann ing  and des ign ing  a n  a q u a c u l t u r e  pumping p l a n t  
i s  t o  determine t h e  t o t a i  volume of wa te r  needed o r  t h e  r e q u i r e d  c a p a c i t y  of 
t h e  pump i n  terms o f  volume p e r  u n i t  o f  t i m e .  The c a p a c i t y  o r  pumping r a t e  
f o r  wa te r  t r a n s f e r  i s  u s u a l l y  expressed i n  l i t e r s  p e r  second ( L / s ) ,  o r  g a l l o n s  
p e r  minute (gpm). I n  p lann ing  t h e  c a p a c i t y  o f  pumping p l a n t s ,  one shou ld  con- 
s i d e r  t h e  l i k e l i h o o d  of  expansion w i t h i n  t h e  nex t  few y e a r s .  I n c r e a s i n g  t h e  
s i z e  o f  p l a n t s  i n c l u d i n g  wells may be more c o s t  e f f e c t i v e  d u r i n g  t h e  i n i t i a l  
i n s t a l l a t i o n  t h a n  adding a d d i t i o n a l  u n i t s  l a t e r  i f  expansion i s  a n t i c i p a t e d .  

Reservo i r  F i l l i n g  

Reservo i r  f i l l i n g ,  o c c u r r i n g  j u s t  a f t e r  c o n s t r u c t i o n ,  o r  r e f i l l i n g  a f t e r  draw- 
down and f i s h  h a r v e s t  r e q u i r e  t h e  t r a n s f e r  o f  l a r g e  volumes o f  w a t e r .  One can 
make a  good e s t i m a t e  of t h e  wa te r  volume i n  ponds i f  t h e  dimensions o f  t h e  
pond a r e a  a r e  known. Rec tangula r  ponds w i t h  uniform s i d e  s l o p e s  and bottom 
s u r f a c e  can be  computed by t h e  fo l lowing  method: 

where V = volume i n  c u b i c  meters  o r  a c r e - f e e t  

A = a r e a  of t h e  t o p  o r  pond s u r f a c e  i n  square  meters  o r  a c r e s  T 

A = a r e a  of pond bottom o r  s t a r t i n g  l e v e l  i n  square  mete r s  o r  a c r e s  B 

d  = dep th  o f  f i l l i n g  o r  d i s t a n c e  between A & A i n  mete r s  o r  f e e t  
depending on u n i t s  measured T  B 

Equat ion (1)  i s  a p p l i c a b l e  o n l y  when t h e  a r e a s  of t h e  t o p  and bottom s u r f a c e  
a r e  v e r y  n e a r  t h e  same. For  o t h e r  c a s e s ,  t h e  p r i smoida l  formula w i l l  app ly .  
Computing wate r  volumes i n  ponds w i t h  i r r e g u l a r  widths  and d e p t h s  i s  more 
complex and may r e q u i r e  f i e l d  su rveys  t o  o b t a i n  i n t e r m e d i a t e  a r e a s  a t  s e v e r a l  
contour  l e v e l s .  Topographic maps from which a r e a s  a t  s e v e r a l  e l e v a t i o n s  can 
be p lan imete red  and c a l c u l a t e d  t o  o b t a i n  s t o r a g e  should be used on l a r g e  com- 
p l e x  d e s i g n s .  A f a i r l y  r e l i a b l e  r u l e  o f  thumb t o  use  i n  t h e  absence of more 
e x a c t  f i e l d  d a t a  i s  t o  m u l t i p l y  t h e  s u r f a c e  a r e a  of t h e  pond by 0.4 t imes  i t s  
dep th  a t  t h e  dam: 

where V = volume i n  cub ic  meters  o r  a c r e - f e e t  

Conversion o f  volumes and flow r a t e s  from t h e  U .  S .  Customary u n i t s  t o  t h e  
I n t e r n a t i o n a l  System of  U n i t s  ( S I )  may be done by u t i l i z i n g  t h e  fo l lowing  
express ions  : 



3 
1 cubic  meter (m ) = 1000 liters = 264 g a l .  

6 .  1 Ac-ft (AF) = 325,880 g a l .  = 1.233 x  10 l i t e r s  (I,) 

1 Ac-ft/day = 226.3 gal/min (gpm) = 14.26 l i t e r s / s e c  (L/s) 

1 cu. f t . / s e c  ( c f s )  = 448.8 gpm = 28.3 L/s = ,0283 m3/s  

1 l i t e r  pe r  second (L/s) = 15.85 ga l lons  pe r  minute (gpm) 

Table 1. Flow Rates (gpm) Equivalent  t o  Ac-Ft Per  Day 
and L i t e r s  Per  Second (L/s) 

S t a b l e  Water Level 

Often t h e r e  i s  a  need t o  add a d d i t i o n a l  water t o  ponds t o  maintain a  s t a b l e  
water l e v e l .  The pumping requirements t o  o f f s e t  l o s s e s  occur r ing  from seepage 
and evapora t ion  a r e  u sua l ly  ca l cu l a t ed  by e s t ima t ing  those  l o s s e s  i n  terms of 
acre- inches  per  day and conver t ing  t h i s  t o  ga l lons  p e r  minute o r  l i t e r s  p e r  
second . 

1 Ac-in/day = 18.86 gpm = 1.19 L/s (8) 

Maintaining Water Qual i ty  

C i r cu l a t i ng  and exchanging water i n  a  pond i s  recognized a s  a  p r a c t i c a l  method 
of maintaining water q u a l i t y  p a r t i c u l a r l y  i n  keeping d isso lved  oxygen and o the r  
gases  w i th in  acceptab le  l i m i t s .  Aerat ing ponds by pumping water from o t h e r  
sources  i s  a common p r a c t i c e  i n  aquacul ture .  Again, t h e s e  pumping r a t e s  a r e  
gene ra l l y  computed by e s t ima t ing  t h e  volume of exchange des i r ed  o r  by calcu-  
l a t i n g  t h e  pumping r a t e  needed t o  r a i s e  t h e  oxygen conten t  from one l e v e l  t o  
another .  The l a t t e r  determinat ion would depend on t h e  oxygen t r a n s f e r  r a t e  of 
t h e  pump and a e r a t o r  and is no t  addressed i n  t h i s  engineer ing  note .  



Table 2. Pond Filling Time 

1 / Depth = 4' - 

Pond Size Pumping Rates - gpm 
200 5 00 1,000 1,500 2,000 3,000 

11 Assuming no significant difference between the areas of pond surface - 
and pond bottom or the area 4' below the surface. 

Example Problem 

Determine the most practical pumping requirements for the following condi- 
tions : 

(a) Fill a newly constructed reservoir that is 40 acres in size to a 
depth of four feet within a time span of four weeks.?: 

(b) Expected seepage and evaporation losses of this pond during periods 
of no precipitation is estimated at 0.5 inches* per acre per day. 

(c) Prevention of oxygen depletion is to be accomplished by pumping 
at a rate to exchange 4 ac-ft.9~ of pond volume every day. 

.t. 

These are assumed values for illustration only. Climatic conditions, 
site location, and seasonal precipitation must be considered for 
each situation. 

Solution 

(a) Calculated pond volume = 40 x 4 = 160 ac-ft. (assuming no significant 
difference between top and bottom areas nor seepage and evaporation 
losses during filling) 

Pumping rate = 160 x 226.3 (eq. 5) = 1,293 gpm 
28 days 

Table 2 indicates a rate more than 1,000 gpm and less than 
(1,500 gpm) 



(b)  Pumping rate to offset seepage and evaporation = 0.5 inches per 
acre per day x 40 acres x 18.86 gpm = 377 gprn 

(c) Pumping rate to prevent oxygen depletion = 4 ac-ft. x 226.3 = 
905 gr?m 

Analysis 

The pumping requirements are those necessary to fill the pond initially since 
those necessary for aeration and to offset seepage and evaporation (after 
filling) are much less. Peak pumping requirements = 1,293 gpm. 

PUMPS 

Pump Selection 

Before a pump can be selected to perform a given job, three operating conditions 
must be known: 

(1) The desired flow in gallons per minute that the pump must deliver, 
(2) The total discharge head against which it must operate, and 
(3) The suction or pumping lift. 

A brief discussion of the types of pumps is given so that one can select the 
proper type pump for specific locations. 

FIGURE 1 .  DIRECT CONNECTED HORIZONTAL CENTRIFUGAL PUMP 
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FIGURE 2 .  DEEP WELL TURBINE PUMP 



Cen t r i fuga l  Pumps 

I f  t h e  source  of water i s  a su r f ace  supply such a s  l akes ,  s t reams,  ponds, 
o r  o t h e r  body of  su r f ace  water ,  t h e  pump most commonly used i s  t h e  ho r i zon ta l  
c e n t r i f u g a l  type  a s  shown i n  Figure 1. These pumps a r e  a v a i l a b l e  a s  s i n g l e  
suc t ion  (end suc t ion )  and double suc t ion  (o f t en  c a l l e d  s p l i t  c a se ) .  Cent r i -  
f uga l  pumps may a l s o  be used wi th  shallow w e l l s  t h a t  do no t  exceed t h e  allow- 
ab l e  suc t ion  l i f t  of  5 t o  7 meters (17 t o  22 f e e t ) ,  ou t l i ned  i n  Table 3 .  

Jet  Pumps 

For very  low capac i ty  requirements (5 t o  20 ga l lons  p e r  minute) ,  j e t  pumps a r e  
i n  common use .  These a r e  smal l  c e n t r i f u g a l  pumps loca t ed  a t  ground l e v e l  con- 
nected t o  a j e t  i n s t a l l e d  below t h e  water l e v e l  i n  t h e  we l l .  Shallow well  j e t  
pumps a r e  l i m i t e d  t o  an al lowable l i f t  no t  exceeding approximately 7 meters 
(22 f e e t ) .  

Deep Well Turbine Pumps 

For a deep wel l  and f o r  c a p a c i t i e s  above 100 ga l lons  p e r  minute, t h e  most 
widely used pump is a v e r t i c a l  type  c e n t r i f u g a l  commonly known a s  "deep wel l  
t u rb ine . "  Because it can be adapted f o r  almost any head r equ i r ed ,  t h e  deep 
wel l  t u r b i n e  pump i s  most common f o r  use i n  we l l s .  They a r e  used i n  i n s t a l l a -  
t i o n s  where c e n t r i f u g a l  pumps cannot be s e t  near  t h e  water s u r f a c e .  

The t u r b i n e  has t h r e e  main p a r t s :  t h e  head, t h e  pump bowl assembly, and t h e  
d i scharge  column. A s h a f t  from t h e  head t o  t h e  pump bowl d r i v e s  t h e  impe l l e r s .  
The bowl assembly is  placed beneath t h e  water su r f ace .  I t  must have a sc reen  
t o  keep coarse  sand and grave l  from e n t e r i n g  t h e  pump. Within each pump bowl 
i s  an impel le r  t h a t  d i scharges  d i r e c t l y  i n t o  another  impel le r .  I t  i s  necessary 
f o r  most a p p l i c a t i o n s  t o  s t a c k  s e v e r a l  bowls o r  s t a g e s  i n  s e r i e s  one above t h e  
o t h e r .  F igure  2 shows a t y p i c a l  t u rb ine  pump i n s t a l l a t i o n .  

Submersible Pumps 

The submersible pump c o n s i s t s  of a mu l t i s t age  v e r t i c a l  pump connected d i r e c t l y  
t o  an e l e c t r i c  motor t h a t  i s  designed t o  opera te  under water .  Both pump and 
motor a r e  suspended below t h e  water l e v e l  by means of a p ipe  which conducts 
t h e  water  t o  t h e  su r f ace .  This  type i s  a v a i l a b l e  i n  a wide range of c a p a c i t i e s  
f o r  1 0 . 2  cen t imeter  (4-inch) we l l s  and l a r g e r .  The l a r g e r  s i z e s  a r e  r e l a t i v e l y  
h igher  i n  c o s t  because of t h e  expensive waterproof motor. 
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FIGURE 3 .  PROPELLER PUMP 

P r o p e l l e r  Pumps 

P r o p e l l e r  pumps, shown i n  F i g u r e  3 ,  a r e  an e f f i c i e n t  means of pumping t h a t  a r e  
used e x t e n s i v e l y  i n  d r a i n a g e  i n s t a l l a t i o n s  and f o r  i r r i g a t i o n .  They o p e r a t e  a t  
low heads up t o  15 mete r s  (50 f e e t )  and a t  c a p a c i t i e s  exceeding 500 g a l l o n s  p e r  
minute.  P r o p e l l e r  pumps a r e  n o t  s u i t a b l e  f o r  s u c t i o n  l i f t .  The i m p e l l e r  and 
bowl must be submerged t o  t h e  p roper  d e p t h .  I t  i s  impor tan t  t h a t  p roper  c l e a r -  
ances  be mainta ined between t h e  end of t h e  s u c t i o n  p i p e  and t h e  s i d e  w a l l s  and 
bottom of t h e  p i t  o r  pump-intake bay.  



Data f o r  S e l e c t i n g  Pump 

I n  o r d e r  t o  c a l c u l a t e  pump s i z e s ,  it i s  necessa ry  t o  have a s  much s i t e - s p e c i f i c  
o p e r a t i n g  i n f o r m a t i o n  a s  p o s s i b l e .  The fo l lowing  i t ems  a r e  t h o s e  most l i k e l y  
needed t o  make a  pump s e l e c t i o n :  

Length o f  s u c t i o n  o r  l i f t  p i p e  ---------------- f t .  

F r i c t i o n  l o s s  i n  r e q u i r e d  f i t t i n g s  ------------ f t .  

F r i c t i o n  head ( l e n g t h  o f  d e l i v e r y ,  e t c . )  ------ f t .  

Discharge head ( o r  p r e s s u r e )  r e q u i r e d  --------- f t .  

A v a i l a b l e  power supp ly  

E l e c t r i c  s i n g l e  phase , t h r e e  phase  

N a t u r a l  g a s  , L. P .  Gas 

Gaso l ine  , D i e s e l  

S u c t i o n  L i f t  

S u c t i o n  l i f t  f o r  c e n t r i f u g a l  pumps i s  composed of t h e  f o l l o w i n g  f a c t o r s :  

(1) S t a t i c  s u c t i o n  head ( a c t u a l  v e r t i c a l  d i s t a n c e  o f  c e n t e r  of pump 
above l o w e s t  wa te r  s u r f a c e  a f t e r  pumping b e g i n s ) .  

( 2 )  F r i c t i o n  head i n  p i p e l i n e s .  

(3 )  Head l o s s e s  i n  elbows, s t r a i n e r s ,  f o o t  v a l v e s ,  and o t h e r  a c c e s s o r i e s .  

( 4 )  V e l o c i t y  head.  

Atmospheric p r e s s u r e  de te rmines  t h e  maximum p r a c t i c a l  s u c t i o n  l i f t .  Th i s  v a l u e  
v a r i e s  a s  t h e  a l t i t u d e ,  t empera tu re ,  and l o c a l  weather  c o n d i t i o n s  change.  The 
h i g h e s t  t h e o r e t i c a l  s u c t i o n  l i f t  a t  s e a  l e v e l  i s  10 mete r s  (34 f e e t ) ,  b u t  t h i s  
cannot  be a t t a i n e d  under a c t u a l  c o n d i t i o n s  due t o  f r i c t i o n  l o s s e s .  Pump manu- 
f a c t u r e r s  u s u a l l y  recommend t h a t  t h e  d e s i g n  s u c t i o n  l i f t  be n o t  more t h a n  70 per -  
c e n t  o f  t h e  t h e o r e t i c a l  v a l u e .  They o r d i n a r i l y  l i s t  t h e  maximum s u c t i o n  l i f t  
of  t h e  i n d i v i d u a l  pump which i s  a  f u n c t i o n  of pump d e s i g n .  Values f o r  maximum 
d e s i g n  s t a t i c  s u c t i o n  l i f t  based on a l t i t u d e  and wate r  t empera tu re  a r e  shown i n  
Table  3 .  



Table 3. Maximum Design Static Suction Lift 
(Approximately 70% of Theoretical) 

Discharge Head 

To compute the discharge head, one must combine the several factors that are 
applicable. These factors or individual heads are described below: 

( 1 )  Static discharge head is the actual vertical distance measured 
from the centerline of the pump to the centerline of the pipe at 
the discharge end, or to the surface of the water at the dischage 
pool, whichever is greater. 

(2) Friction head is that needed to overcome friction in the discharge 
pipeline including losses in fittings, valves, and other accessories. 
Head loss coefficients for various pipe materials are presented in 
Table 5 through Table 9. 

(3) Velocity head at the end of the discharge pipe. Since the velocity 
of flow will seldom exceed 8 feet per second, the velocity h e a d L  
will seldom exceed 1 foot and, therefore, may be disregarded. 2 e 

(4) Pressure head (if applicable) at the end of the discharge pipe 

Total Dynamic Head 

The total dynamic head (TDH) for centrifugal pumps is the sum of,the total 
suction lift and the total discharge head less the suction velocity head. 

The total dynamic head for deep well turbine pumps differs somewhat from centri- 
fugal pumps in that suction lift is not involved because the impellers of the 

A 

pump are submerged. Losses in the pump and pump column are included in the 



pump e f f i c i e n c y  and a r e  not  t o  be considered when computing t h e  t o t a l  dynamic 
head. Therefore,  t h e  t o t a l  dynamic head i s  composed of t h e  following f a c t o r s :  

(1) S t a t i c  head which i s  t h e  a c t u a l  v e r t i c a l  d i s t ance  measured from the  
water l e v e l  i n  t he  well  when pumping t o  t he  c e n t e r l i n e  of t h e  p ipe  
a t  t he  discharge end. 

(2)  F r i c t i o n  head i n  t h e  discharge p i p e l i n e .  

(3) Head l o s s e s  i n  elbows, reducers ,  va lves ,  and o the r  acces so r i e s .  

( 4 )  Veloci ty head a t  t h e  end of t h e  discharge p ipe  

(5) Pressure  requi red  a t  t h e  end of t h e  discharge p ipe .  

The t o t a l  dynamic head f o r  p r o p e l l e r  pumps i s  s i m i l a r  t o  t h a t  f o r  deep well  
t u rb ine  pumps and i s  composed of t h e  following f a c t o r s :  

(1)  S t a t i c  head which i s  t h e  a c t u a l  v e r t i c a l  d i s t ance  from the  low 
water l e v e l  i n  t h e  pump bay t o  e i t h e r ;  ( a )  c e n t e r l i n e  of pipe a t  
t he  discharge end when the  water l e v e l  i s  below t h e  p ipe  o u t l e t ;  
(b) t h e  water l e v e l  a t  t he  discharge end when t h e  o u t l e t  i s  sub- 
merged; ( c )  t o  t h e  water l e v e l  i n  t h e  discharge bay when i n s t a l l a -  
t i o n  i s  made t o  take  advantage of siphoning. 

(2) Head l o s s e s  i n  pump column t h a t  inc ludes  a  s tandard length  of p ipe ,  
pump d ischarge  elbow, and suc t ion  bowl. I f  a  longer  l eng th  of pump 
column i s  used than i s  s tandard ,  then a d d i t i o n a l  f r i c t i o n  l o s s  must 
be added. 

( 3 )  F r i c t i o n  head i n  t h e  discharge p i p e l i n e .  

(4) Head l o s s e s  through va lves ,  s t r a i n e r ,  and o the r  f i t t i n g s .  

(5) Veloci ty head a t  t he  end of t h e  discharge p ipe .  

The need f o r  i n t ake  sc reens ,  f i l t e r s ,  f o o t  va lves ,  check va lves ,  flow con t ro l  
va lves ,  p re s su re  r e g u l a t o r s ,  and o the r  accessor ies  f o r  p r o t e c t i o n  aga ins t  
unwanted fore ign  mat te r  and organisms a s  wel l  a s  ope ra t iona l  monitoring should 
be considered on a  case by case b a s i s .  

Examples of t y p i c a l  i n s t a l l a t i o n s  of c e n t r i f u g a l  pumps, deep we l l  t u rb ine  pumps, 
and p r o p e l l e r  pumps showing major head lo s ses  a r e  presented i n  Figures  1,  2 ,  
and 3. 

Pump Design 

Manufacturers of pumping equipment have developed a  s e r i e s  of pumps t h a t  have 
d e f i n i t e  c h a r a c t e r i s t i c s .  Their  pump bowls a r e  designed t o  be used e i t h e r  
s i n g l y  o r  i n  s e r i e s  t o  meet any combination of head and discharge with a rea-  
sonably high e f f i c i e n c y .  



(used  u i t h  permiss icr .  from Fairbanks-  
Morse Pump Div. oi Colt Indus tr i e s .  
Kansas C i ~ y .  KS! 
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FIGURE 4 .  TYPICAL CHARACTERISTIC CURVES FOR A VERTICAL TURBINE PUMP 

The selection of the proper sizes of pump column and shaft, type and numbers 
of bowls, spacing of bearings, and the matching of the various units of the pump 
to meet all well conditions have defied all attempts at simplification and stan- 
dardization. Most companies offer data for which the various components of the 
pumping plant can be selected and matched to meet specific conditions. A typi- 
cal characteristic curve for a vertical turbine pump is shown in Figure 4 .  With 
these data available from a number of established manufacturers that have field 
representatives available to consult on a comparison basis, no need was felt to 
include them in this engineering note. Advancing technology and the introduc- 
tion of new materials and concepts soon outdate any published data currently 
available. 



WELLS 

Well Design 

Well design, construction, development, and testing are the responsibilities 
of the driller and, hence, are outside the scope of this engineering note. 
Nevertheless, the purchaser should become aware of good well installation 
practices. The designer should seek out expertise in the quality and quantity 
of ground water in the local area. If there are no wells in the area, a geo- 
logist should be consulted. He would evaluate possibilities of ground water 
development by a study of published information and field investigation. Records 
of wells that indicate depths to water bearing formations or ground water reser- 
voirs are often available by the U. S. Geological Survey, State Geological Sur- 
veys, State Bureau of Mines, and universities and colleges. 

Well Size and Ca~acitv 

The inside diameter of the well casing should be 50 to 100 mm (2 to 4 in.) 
larger than the maximum outside diameter of the pump and pump column that are 
likely to be installed to allow the pump to hang freely in the well. Table 4 
gives the recommended well casing sizes for various pumping rates. 

Table 4. Recommended Well Diameters 

Less than 100 4 5 I D  11 - 6 ID 

1/ Inside diameter. - 
2/ Outside diameter. - 

The above figures are not limiting. Much depends on the water level, yield 
characteristics of the water bearing formation, and the pressure to be devel- 
oped, but they serve as a general guide. Reports from the Mississippi Delta 
catfish producing area indicate that a much larger discharge is available 
from a relatively shallow aquifer (maximum depth 100-150 ft.). 



Well Installation 

It is good business to have a written contract. For both parties, a written 
agreement is valuable protection and prevents misunderstanding. The following 
information should be considered by the landowner when contracting for the 
installation of a well: 

(1) Drilling Well 

a. Specify size of casing. If pump capacity is to be increased 
at a future date, select casing size large enough to accomodate 
the larger pump. 

b. A graded "gravel pack" should be installed around the screen. 

c. A sieve analysis should be run on the sand aquifer to determine 
gradation of gravel pack and size and length of screen. 

d. Driller should not use bentonite to prevent sides from caving 
in during drilling operation. Bentonite may clog the wall of 
the well, which will reduce the amount of water that can be drawn 
into the pump. Driller should use a biodegradable material that 
will dissipate in the water. 

e. Drill test well for deep wells. 

(2) Well Screen 

A high capacity stainless steel screen is recommended. For 
naturally developed wells, the slot size should be small enough 
to exclude about one-third of the aquifer formation. For wells 
with filters, the slots in the screen should be less than the 

D85 
size of the filter and larger than the DsO size. Run sieve 

analysis to determine screen size and openings. 

Louvered Screens - Openings usually inadequate. 

Slotted Pipe - Openings inadequate. 

Length of Screen - Long enough to hold drawdown to a minimum. 
Consult closely with manufacturer or supplier. 

Set screen at sufficient depth to minimize drawdown. The 
thickness and depth of the aquifer should determine depth of 
well. 

a. Specify capacity. 

b. Pump Efficiency - The higher the pump efficiency, the less the 
operating cost. 

c. Stainless steel shaft. 



d. Oil o r  water l ub r i ca t ed?  O i l  recommended below 100 f e e t .  

e .  Maximum RPM f o r  water l u b r i c a t e d  bearings - 2200. 

f .  How many s t ages  i n  t he  pump? 

g. Horsepower requi red  t o  opera te  pump a t  design capac i ty .  

(4)  Tes t ing  Well 

a .  Upon completion, t e s t  f o r  drawdown and y i e l d .  

b .  Get copy of wel l  t e s t  l og .  

c. Log should show: 

(1) s t a t i c  water l e v e l ;  

(2)  pumping o r  dynamic l e v e l ;  

(3) amount of drawdown; 

( 4 )  capac i ty  per  f o o t  of drawdown; 

(5)  depth of we l l ;  

(6) capac i ty  of wel l  a f t e r  tak ing  t h r e e  readings an hour 
a p a r t  wi th  no change i n  t h e  t h r e e  readings ;  and 

( 7 )  o t h e r  p e r t i n e n t  da ta  such a s  length  of sc reen ,  percent  
openings, s i z e  of pump, e t c .  

(5)  Warranty 

a .  How long w i l l  t he  d r i l l e r  warrant t h e  well?  

b .  What w i l l  be done i f  t he  well  s t a r t s  pumping sand? (The 
wel l  may pump a  small  amount of sand a t  f i r s t ,  bu t  it should 
s top  i n  a  r e l a t i v e l y  s h o r t  t ime. )  

c .  I t  i s  b e s t  t o  con t r ac t  f o r  a guaranteed capac i ty  f o r  t h e  wel l .  
I f  t h e  d r i l l e r  knows t h a t  he w i l l  no t  be pa id  the  con t r ac t  
p r i c e  unless  t h e  wel l  pumps t h e  agreed t o  amount of water ,  he 
may do a  b e t t e r  job i n s t a l l i n g  the  we l l .  

POWER UNITS 

E l e c t r i c  Motors 

E l e c t r i c i t y  i s  a  very  s a t i s f a c t o r y  power source.  The dependabi l i ty  and long l i f e  
of e l e c t r i c  motors make them a  d e s i r a b l e  power source .  The most common type of 
motor f o r  pumping p l a n t s  is t h e  60-cycle,  220/440 v o l t ,  3-phase, s q u i r r e l  cage 
induct ion  motor. The speed of t hese  motors under f u l l  load i s  nea r ly  cons t an t .  



The speed of the pump can only be changed by either the use of a belt drive 
and changing pulley diameters, or by selecting a gear drive with the proper 
ratio for the system. Direct connection between electric motor and pump is 
preferred to eliminate drive loss. 

Single phase motors are often used for loads up to and including five horse- 
power. However, three-phase motors are more efficient. Above 5 to 7% horse- 
power, single phase motors are not generally adapted. Electric motors above 
5 horsepower will generally have an efficiency of between 88 to 90 percent. 
Most squirrel cage induction motors are designed to operate satisfactorily 
under a continuous overload of 10 to 15 percent; however, it is not wise to 
plan on an overload. 

Electric motors should always be provided with protection against excessive 
heating due to overloading or undervoltage. In addition, larger motors will 
require a starter or starting compensator. 

Internal Combustion Engines 

Selection of an engine for a power source for pumping should be based on the 
continuous service rating, rather than the maximum BHP rating, with adequate 
allowance for high temperatures as well as power loss in drive components. When 
the continuous horsepower rating is not indicated, an assumption of 80 percent 
of the manufacturer's maximum BHP would be reasonable. 

Manufacturers have developed performance curves for each of their engines. Manu- 
facturers' test for horsepower output is determined in laboratory conditions 
with a stripped engine. Hence, the performance curve does not reflect the power 
loss when the engine is equipped with typical accessories such as fans, genera- 
tors, water pumps, etc. These accessories may easily consume 10 percent of the 
engine's horsepower output. 

Gasoline, diesel, and LP-gas are all used to drive pumping plants. Gasoline 
engines have two principal advantages over diesel and LP-gas engines. These 
are (a) lower initial cost, and (b) readily available maintenance and repair 
service. On the other hand, diesels have a longer life. LP-gas engines require 
less maintenance than gasoline and the fuel may cost less. Another advantage 
of LP-gas is that fuel is less subject to theft. 

Pump Drives 

The operating efficiency of pumping plants is dependent on the drive mechanism 
between the pump and motor. The common types of drives being used with pumping 
plants along with their efficiency ratings are as follows: 



Drive S ~ e e d  

The opera t ing  speed of t h e  pump i s  dependent on t h e  speed of t he  engine and 
t h e  type of connecting d r i v e  between t h e  pump and engine.  A d i r e c t  d r i v e  on 
e i t h e r  an e l e c t r i c  o r  an i n t e r n a l  combustion engine f i x e s  t h e  speed of t h e  
pump and power u n i t  a t  a  1:l r a t i o .  With r i g h t  angle  gear  d r i v e s  o r  b e l t s ,  t h e  
r a t i o  of pump speed t o  engine speed depends on t h e  gear  o r  pu l l ey  r a t i o .  The 
r a t i o s  s t a t e d  i n  manufacturer 's  l i t e r a t u r e  f o r  both gear  d r i v e s  and pu l l ey  dr ives  
a r e  those of t h e  engine o r  d r i v e r  versus those of t he  pump o r  whatever i s  being 
dr iven .  For example, a  r a t i o  of 5 : 4  means an engine speed t h a t  i s  5/4 o r  ].25 
times t h e  pump speed. 

This exe rc i se  can b e s t  be i l l u s t r a t e d  with an example problem: 

A pump i s  s e l e c t e d  wi th  a  speed r a t ed  a t  1760 rpm. An i n t e r n a l  
combustion engine i s  chosen t h a t  opera tes  a t  2100 rpm. Because of 
d i f f e r ences  i n  speed r a t i n g s ,  t h e  engine and pump cannot be connected 
d i r e c t  s o  a  gear  d r i v e  o r  b e l t  connection i s  needed. Using a  V-belt  - 
pu l l ey  connection wi th  an 8-inch diameter pu l l ey  on the  engine,  t h e  
s i z e  of pu l l ey  on t h e  pump i s  computed a s  fol lows:  

The engine-pump speed r a t i o  = - "0° - - 1.19 1760 

The pu l l ey  on t h e  engine i s  8 inches ;  t h e r e f o r e ,  t h e  pump p u l l e y  
should be 9% inches (8 x 1 .19)  i n  diameter .  

Power Requirements 

To determine t h e  a c t u a l  horsepower of t he  power u n i t  t o  d r ive  a  pump, it i s  
necessary t o  know t h e  fol lowing:  

(1)  Flow (o r  d i scharge)  

(2) Pumping head ( inc luding  f r i c t i o n  i n  t h e  p ip ing  system) 

(3)  Pumping e f f i c i e n c y  

(4)  Type of d r i v e  

(5) Type of power u n i t .  

The use fu l  work done by a  pump o r  t h e  water horsepower (WHP) requi red  i s  
expressed by the  formula: 

WHP = gpm x t o t a l  dynamic head (TDH) 
3960 

The water horsepower i s  t h a t  required t o  opera te  t h e  pump i f  bo th  t h e  pump 
and d r i v e  were 100 percent  e f f i c i e n t .  



The brake  horsepower (BHP) r e q u i r e d  t o  o p e r a t e  a  pump i s  determined by t h e  
e q u a t i o n  : 

BHP = w a t e r  horsepower (WHP) 
pump e f f i c i e n c y  x d r i v e  e f f i c i e n c y  

S ince  e l e c t r i c  motors a r e  r a t e d  a t  100 p e r c e n t  cont inuous  o p e r a t i o n ,  t h e  
power requirements  a r e  t h o s e  t o  o p e r a t e  t h e  pump p l u s  any d r i v e  l o s s e s .  When 
e l e c t r i c  motors a r e  connected t o  t h e  pump d i r e c t l y ,  t h e r e  a r e  no d r i v e  l o s s e s  
t o  c o n s i d e r .  

Example : 

Given a 1770 rpm e l e c t r i c  motor-dr iven pump wi th  
d i r e c t  d r i v e  t h a t  i s  t o  d e l i v e r  1200 gpm a t  120 f t .  
TDH. Pump e f f i c i e n c y  from manufacturer  i s  75 p e r -  
c e n t .  Find t h e  motor s i z e .  

S o l u t i o n :  

Equat ion (10) BHP = 1200 x  120 - 48.48 
3960 x 0.75- 

Use a  50 HP motor 

Power requirements  f o r  i n t e r n a l  combustion eng ines  must exceed t h e  r e q u i r e d  
HP t o  d r i v e  t h e  pump by an amount t o  o f f s e t  l o s s e s  f o r  a c c e s s o r i e s ,  e l e v a t i o n  
and t empera tu re ,  and t o  p r o v i d e  f o r  cont inuous  o p e r a t i o n .  

Typica l  c o r r e c t i o n s  f o r  i n t e r n a l  combustion eng ine  l o s s e s  a r e  a s  fo l lows :  

Loss - ( p e r c e n t )  

(1) Continuous l o a d  o p e r a t i o n  ..................... 2 0  

(3 )  E l e v a t i o n  ..................................... 3 p e r c e n t  f o r  each 

1000 f t .  above s e a  
l e v e l  

(4) Temperature ................................... 1 g e r c e n t  f o r  each 

10 i n c r e a s e  above 
6 0 ' ~  

Fue l  Cost  

For a  h igh  wate r  use  c rop  such a s  c a t f i s h ,  f u e l  c o s t  i s  a major item. To 
determine t h e  f u e l  c o s t  f o r  pumping, use  c u r r e n t  p r i c e s  f o r  d i e s e l ,  LP gas, 
and e l e c t r i c i t y .  For  t h i s  example, t h e  fo l lowing  assumptions  a r e  made: 



Example : 

The p r i c e  of fue l - -d i e se l  a t  $1.10 and 14.58 brake horsepower hours 
pe r  ga l lon ,  LP gas a t  65 cen t s  and 9 . 2  brake horsepower hours per  
ga l lon ,  and e l e c t r i c i t y  a t  s i x  cents  and 1.18 brake horsepower hours 
per  k i lowa t t  hour.  

The pumping assumptions a r e  2,000 ga l lons  pe r  minute with a  60 foo t  
pumping l i f t  wi th  open discharge and 70 percent  e f f i c i e n c y .  

On t h i s  b a s i s ,  it w i l l  r equ i r e  approximately 43.3 brake horsepower t o  
opera te  t he  pump. Using t h e  assumptions ou t l i ned  he re ,  t h e  f u e l  cos t  
f o r  pumping one acre- inch of water i s  73 cents  f o r  d i e s e l ,  69 cen t s  f o r  
LP gas ,  and 50 cen t s  f o r  e l e c t r i c i t y .  

If t h e  t o t a l  water pumped t o  grow a  crop of c a t f i s h  is est imated t o  
be 72.0 inches ,  t h e  pe r  ac re  f u e l  c o s t  w i l l  be approximately $52.56 
f o r  d i e s e l ,  $49.68 f o r  LP gas ,  and $36.00 f o r  e l e c t r i c i t y .  

The t o t a l  pumping c o s t  f o r  80 ac re s  of c a t f i s h  would be $4,205 f o r  
d i e s e l ,  $3,975 f o r  LP gas ,  and $2,880 f o r  e l e c t r i c i t y .  

Table 5. Flow of Water in Cast Iron Pipe 
Head Loss i n  F t . /1000  F t .  



Table  6.  Flow of  Water i n  P l a s t i c  (PVC) P i p e  
Head Loss i n  F t .  / l o 0 0  F t  . 
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Table  7 .  Flow of Water i n  Asbestos  Cement P r e s s u r e  P i p e  
Head Loss i n  Ft . /1000 F t .  
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T a b l e  8 .  Flow of Water  i n  Welded S t e e l  P i p e  15 Years  Old 
Head L o s s  i n  Ft./1000 Ft. 

S:obd::'< r*  rmul.:, i,:? = .!. j.: 

---.- --- .- !1aLl T:; i s :  kc,.~: h = ; 2 ~ ~ ~ -  --- 
Diameter . a <  P i p e  i n  l : ~ . . h c s  

>'l:~.,.; L,: IGal i:t:is ?<~r >!.~I..LIcs ( 1  E :I: i 1 - - - ---------- --.. 

1 (! 0 1 . l j  - - 

L U O  i . 2 9  1.0 - - 

T a b l e  9 .  Flow of Water i n  Aluminum P i p e  
Head L o s s  i n  Ft./1000 F t .  



TABLE 10. FLOW MEASUREMENT 

E s t i m a t i n g  Flow From H o r i z o n t a l  o r  I n c l i n e d  P i p e s  

( F u l l  P i p e s )  

A f a i r l y  c l o s e  d e t e r m i n a t i o n  o f  t h e  
f l o w  from f u l l  open p i p e s  may be  made by 
measur ing  t h e  d i s t a n c e  t h e  s t r e a m  of  w a t e r  
t r a v e l s  p a r a l l e l  t o  t h e  p i p e  i n  f a l l i n g  12 
i n c h e s  v e r t i c a l $ y .  

I n c l i n e d  
Measure t h e  i n s i d e  d i a m e t e r  of  t h e  p i p e  

a c c u r a t e l y  ( i n  i n c h e s )  and t h e  d i s t a n c e  (4) 
t h e  s t r e a m  t r a v e l s  i n  i n c h e s  p a r a l l e l  t o  t h e  
p i p e  f o r  a  12-inch v e r t i c a l  d r o p .  ( s e e  d iagrams)  - 

H o r i z o n t a l  The f l ow,  i n  g a l l o n s  p e r  minu te ,  e q u a l s  
t h e  d i s t a n c e  (A)  i n  i n c h e s  m u l t i p l i e d  bv a  
c o n s t a n t  K o b t a i n e d  From t h e  f o l l o w i n g  t a b l e :  

1 I . D .  \ 11 I . D .  / I . D .  
P i p e  1 R P i p e  : K :i P i p e  
2 i 3 . 3  ' 1  4 ' 13.1 11 6 

( P a r t i a l l y  F i l l e d  P i p e s )  
For  p a r t i a l l v  f i l l e d  p i p e s ,  measure t h e  f r e e -  

board  (F) and t h e  i n s i d e  d i a m e t e r  ( D )  and c a l c u l a t e  
t h e  r a t i o  of  F/D ( i n  p e r c e n t ) .  Measure t h e  s t r e a m  
as e x p l a i n e d  above f o r  f u l l  p l p e s  and c a l c u l a t e  t h e  
d i s c h a r g e .  The a c t u a l  d i s c h a r g e  w i l l  be  app rox i -  
ma te lv  t h e  v a l u e  f o r  a  f u l l  p i p e  of  t h e  same d l a m e t e r  
m u l t i p l i e d  by t h e  c o r r e c t i o n  f a c t o r  from t h e  
f o l l o w i n g  t a b l e :  

F a c t o r  

0.981  
.948 
.905 
.S58 
.805 

p e r c e n t  F a c t o r  I p e r c e n t  F a c t o r  
I 

30  1 0.747 



STEP-BY-STEP PROCEDURE FOR DESIGN OF A PUMPING PLANT 

This  information can b e s t  be explained by an example based on t h e  following 
condi t ions :  

Eleva t ion  of we l l  s i t e  (ad jacent  t o  pond) -------- 980 f t .  

Max. ope ra t ing  temperature ....................... 1 0 0 ' ~  

Length of d i scharge  p ipe  (smooth s t e e l )  ---------- 40 f t .  

Find : 

(a )  Pumping requirements i n  gpm. 

(b)  Capacity of an e l e c t r i c  motor t h a t  w i l l  opera te  t h e  pump with a 
d i r e c t  d r i v e .  

( c )  Capacity of an i n t e r n a l  combustion engine t h a t  w i l l  opera te  t h e  
pump with a V-belt d r i v e  and equipped with t h e  usua l  acces so r i e s  

( d )  Capacity of an e l e c t r i c  motor t o  opera te  a c e n t r i f u g a l  pump loca ted  
ad jacent  t o  a l a r g e  r e se rvo i r  1000 f t .  away from pond with a t o t a l  
pumping l i f t  of 82 f t .  and using p l a s t i c  (PVC) p ipe  wi th  a pressure  
c l a s s  of 200. 

Solu t ion  : 

(a )  Pumping requirements = 133 = 4.43 Ac-Ft/day 30 days 

4.43 x 226.3 gal/min = 1003 gpm (Eq .  5 )  
use 1000 gpm 

From Table 4 a wel l  casing diameter of 16 inches t o  accomodate 
a deep well-turbine pump i s  recommended, The discharge p ipe  from 
the  pump can be e i t h e r  8 o r  10 inches i n  diameter .  (Table 8 )  



( b )  Capaci ty  o f  an  e l e c t r i c  motor wi th  d i r e c t  d r i v e  

BHP = GPM x TDN 
3960 x pump e f f  . ( E q .  10) 

T o t a l  Dynamic Head (TDH) = pumping l i f t  + d i s c h a r g e  head + 
f r i c t i o n  head i n  d i s c h a r g e  p i p e  

1000 x 146.28 = 49.25 BHP = 
3960 x .75 

Use a  50 HP motor 

( c )  Capac i ty  of an i n t e r n a l  combustion eng ine  w i t h  V-be l t  d r i v e  

BHP = 
GPM x  TDH 

3960 x pump e f f .  x d r i v e  e f f .  x temp. & e l e v .  l o s s e s  

For  cont inuous  load  o p e r a t i o n s ,  use  an eng ine  r a t e d  f o r  maximum 
brake  horsepower of 6 9 . 6  o r  g r e a t e r  (20% l o s s )  

(d)  Capac i ty  of a n  e l e c t r i c  motor t o  o p e r a t e  a  c e n t r i f u g a l  pump 
1000 f t .  from pond wi th  a  t o t a l  pumping l i f t  of  82 f t .  u s i n g  
p r e s s u r e  c l a s s  200 p l a s t i c  (PVC) p i p e .  

1st T r i a l  - u s i n g  8  i n .  p i p e  

F r i c t i o n  l o s s  i n  d i s c h a r g e  p i p e  (8 i n c h e s )  = 17.4  f t .  (Table  6)  
T o t a l  Dynamic Head (TDH) = 82 + 1 7 . 4  = 100 f t .  (rounded) 

BHP = GPM x TDH 
3960 x pump e f f .  

1000 x 100 = 33.7 
BHP = 

3960 x .75 

The n e x t  l a r g e r  s i z e  e l e c t r i c  motor w i l l  p robably  be 40 HP. 

Note: Using 10" PVC p i p e  w i t h  a  f r i c t i o n  head l o s s  o f  6 .45  f t .  
(Table  6 ) ,  t h e  s i z e  o f  e l e c t r i c  motor i s  computed a t  30 HP. 



MAINTENANCE 

Below Standard  Performance 

Any of t h e  t h r e e  major components o f  t h e  pumping p l a n t ;  pump, d r i v e ,  o r  power 
u n i t ,  can cause  poor  performance.  I n  a d d i t i o n ,  mismatching o f  components, poor  
s e l e c t i o n  of components, o r  changing wate r  l e v e l s  may cause  reduced e f f i c i e n c y .  

The Pump - A pump's i m p e l l e r ( s )  can b e  o u t  of ad jus tment .  I m p e l l e r s  o u t  o f  
adjus tment  r e q u i r e  g r e a t e r  t h a n  normal pump and eng ine  speeds  t o  d e l i v e r  a  
s p e c i f i e d  amount of w a t e r .  Worn o r  corroded i m p e l l e r s  cannot  be  b rought  back 
t o  o r i g i n a l  c a p a c i t y ,  head,  o r  e f f i e n c y  by ad jus tment .  

For  c e n t r i f u g a l  pumps, warping o f  t h e  pump case  o r  bending o f  t h e  pump s h a f t  
may cause  i n c r e a s e d  f r i c t i o n  o f  t h e  r o t a t i n g  p a r t .  Pumping u n i t s  and p i p i n g  
systems a r e  never  complete ly  s t a t i c .  There i s  always some movement due t o  
expansion and s h r i n k a g e .  P e r i o d i c  i n s p e c t i o n  and c o r r e c t i o n s  a r e  e s s e n t i a l  
f o r  t r o u b l e  f r e e  o p e r a t i o n .  

The Power Uni t  - A power u n i t  can r e q u i r e  more f u e l  t h a n  normal i f  it i s  n o t  
loaded p r o p e r l y ,  n o t  s e r v i c e d  a d e q u a t e l y ,  n o t  "tuned" c o r r e c t l y ,  o r  i f  it con- 
t a i n s  worn components. A power u n i t  should  be s e r v i c e d  a t  r e g u l a r  i n t e r v a l s  
and shou ld  be w i n t e r i z e d  f o r  t h e  o f f  season .  The e f f i c i e n c y  o f  e l e c t r i c  motors 
w i l l  be reduced i f  t h e y  a r e  under loaded.  I f  t h e y  a r e  over loaded accord ing  t o  
t h e  s e r v i c e  f a c t o r ,  e f f i c i e n c y  may n o t  be  reduced b u t  motor l i f e  w i l l  be 
shor tened .  

The Drive  - The d r i v e  r a t i o  must be c o r r e c t l y  matched t o  t h e  pump eng ine  speeds .  
Drive  misalignment w i l l  i n c r e a s e  f r i c t i o n  and reduce d r i v e l i n e  l i f e .  

Performance T e s t  

A pumping p l a n t  performance tes t  can determine t h e  energy e f f i c i e n c y  o f  a  
pumping p l a n t  a s  w e l l  a s  p rov ide  i n f o r m a t i o n  on ad jus tments  needed t o  improve 
energy  e f f i c i e n c y  and extend pumping p l a n t  o p e r a t i n g  l i f e .  The performance o f  
a  pumping p l a n t  should  be e v a l u a t e d  by t r a i n e d  personne l  u s i n g  a c c u r a t e  and 
r e l i a b l e  t e s t i n g  equipment.  T h i s  s e r v i c e  can be performed by c o n s u l t i n g  e n g i -  
n e e r s ,  by many w e l l  d r i l l i n g  companies, by some U n i v e r s i t y  and Extens ion  S e r v i c e  
p e r s o n n e l ,  and some P u b l i c  Power D i s t r i c t s .  A pumping p l a n t  t e s t  shou ld  be  
performed r e g a r d l e s s  o f  t h e  age o f  t h e  system. The i n f o r m a t i o n  o b t a i n e d  d u r i n g  
t h e  test  i n c l u d e s  w a t e r  l e v e l s  w h i l e  pumping, d i s c h a r g e  p r e s s u r e ,  pump and 
eng ine  speed ,  and energy  use  p e r  hour .  Condi t ions  such a s  pumping sand o r  a i r  
a r e  no ted .  
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